The aim of the present study was to investigate the clinicopathologic/prognostic significance of thymidylate synthase (TS), orotate phosphoribosyltransferase (OPRT), and thymidine phosphorylase (TP) proteins in postoperative non-small cell lung cancer (NSCLC) patients. Microarray slides from a set of 178 NSCLC patients were used for the detection of TS, OPRT, and TP expression by immunohistochemistry. The correlation between clinicopathologic factors and protein expression of three proteins was analyzed. Ninety seven carcinomas (57.4%) were TS-positive, 90 carcinomas (53.9%) were OPRT-positive, and 102 carcinomas (69.4%) were TP-positive. Compared with the TS-positive patients, the overall survival (OS) was significantly lower in the TS-negative patients (hazard ratio [HR] =1.766, 95% confidence interval [CI] =1.212-2.573, P=0.003). Significant differences between TS-positive and TS-negative patients was also observed in the following stratified analyses: 1) adenocarcinoma subgroup (HR =2.079, 95% CI =1.235-3.500, P=0.006); 2) less than 60-year-old subgroup (HR =1.890, 95% CI =1.061-3.366, P=0.031); 3) stage II/III subgroup (HR =1.594, 95% CI =1.036-2.453, P=0.034); and 4) surgery plus adjuvant therapy subgroup (HR =1.976, 95% CI =1.226-3.185, P=0.005). However, the OS was not significantly correlated with OPRT or TP protein expression. This study demonstrates that the TS level in tumor tissues may be a useful marker to predict the postoperative OS in NSCLC patients.
Introduction
Lung cancer is a leading cause of cancer deaths worldwide 1 Non-small cell lung cancer (NSCLC), which accounts for approximately 80% of all lung cancers, is a very heterogeneous group of malignancies with a poor prognosis. 2 For stages I-IIIa, surgery is still the first curative treatment for NSCLC patients. In addition, various combined-modality therapies, including chemotherapy and radiation therapy, have been assessed for improving the treatment outcome in NSCLC patients. 3 Although the 5-year survival rate after complete resection has been shown to be 67%-79% for stage I patients, 4 the 3-year survival rate has been only 35%-55% and 28% for stage II and stage III NSCLC patients, respectively. 5 The heterogeneous biological properties of NSCLC may affect the prognosis for patients with resectable NSCLC, and it is hard for the international lung cancer tumor-node-metastasis (TNM) staging system to fully assess the prognosis of patients. Therefore, the TNM staging system needs to be improved by some molecular markers, which will help, not only to predict the recurrence as early as possible but also, to determine the indication of optimal therapeutic strategy as adjuvant therapies. However, reliable biomarkers are very limited. 
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Zhao et al Previous studies [6] [7] [8] [9] have demonstrated that the genes involved in nucleotide metabolism and DNA repair play important roles in determining the biological phenotype and prognosis of NSCLC, including Bcl-2, HER2, ribonucleotide reductase M1 (RRM1), and excision repair cross complement 1 (ERCC1). All of these are involved in DNA repair in the intracellular nucleotide excision repair system. With the development of molecular biology, other biomarkers that play important roles in nucleotide synthesis and DNA repair have attracted attention worldwide. Among them, nucleotide metabolic enzymes, such as thymidylate synthase (TS), orotate phosphoribosyltransferase (OPRT), and thymidine phosphorylase (TP) have already been investigated for their prognostic potentials in different tumors. [10] [11] [12] [13] [14] [18] [19] [20] [21] TS is the downstream member of ribonucleotide reductase and crucial for the formation of deoxyribothymidine monophosphate (dTMP) that is required for DNA synthesis and repair. TS expression is reported to have an influence on the prognosis of tumors. 10, 11 OPRT is a constitutively expressed enzyme that regulates the de novo pyrimidine nucleotide biosynthetic pathway, namely the conversion of orotic acid to orotidine monophosphate, and is also involved in salvage biosynthetic pathways. Previous studies showed that OPRT could be a prognostic marker in different cancers, including colorectal cancer (CRC), pancreatic cancer, and renal cancer. [12] [13] [14] TP is involved in the catalyzation of reversible phosphorylation of thymine to deoxyribose-1-phosphate and thymine, and plays important roles in angiogenesis, cancer invasiveness, metastasis, and antiapoptosis. 15 TP is most frequently expressed in breast cancer, followed by lung cancer (adenocarcinoma [ADC] and squamous cell carcinoma). 16 Previous study found that a high level of TP expression is associated with more extensive angiogenesis, unfavorable clinical and laboratory findings, and poor clinical outcome in CRC. 17 Subsequent studies also confirmed the prognostic role of TP in other types of cancer: transitional cell carcinoma of the bladder, cervical cancer, gastric carcinoma, [18] [19] [20] and lung cancer. 21 Based on our previous studies of prognostic biomarkers in NSCLC patients 22, 23 and their roles in nucleotide metabolism and DNA repair, we assumed that TS, OPRT, and TP might be potential prognostic markers for resectable NSCLC. However, there have been very few studies of these potential biomarkers in NSCLC; further, previous results have been contradictory, 21, [24] [25] [26] especially for OPRT and TP, and have not confirmed which molecular marker can predict the prognosis of resectable NSCLC.
Therefore, in the present study, we performed a large cohort retrospective clinical study to identify whether TS, OPRT, and TP are useful molecular markers for the prognosis of overall survival (OS) in resected NSCLC patients. We used immunohistochemistry (IHC) to detect the intratumoral expression of these three potential markers and analyzed the correlation between the protein expression of the three potential biomarkers and clinicopathologic factors in resectable NSCLC patients.
Materials and methods

Patients and tissue specimens
The study sample included a total of 178 consecutive NSCLC patients who underwent radical surgery from February 1994 to January 1998 at the Cancer Center of Sun Yat-Sen University. These cases were selected based on the availability of resection tissue and follow-up data. Patients who had previous malignant disease or a second primary tumor were excluded. Tumor tissue samples from these patients were obtained from the surgical pathology archives of the Department of Pathology at the Cancer Center. The study was approved by the medical ethics committee of the Cancer Center of Sun Yat-Sen University.
The pathologic TNM status of NSCLC was assessed according to the criteria of TNM classification of the International Union Against Cancer, 6th edition. Data on tumor differentiation grades and smoking history were missing for the majority of patients. The median age of patients was 60 years (range, 24-94 years), and the male/female ratio was 2.8:1. The patient demographics are listed in Table 1 . All patients were followed up regularly until December 2010. The median follow-up time was 64.5±58.7 months, and 117 cancer-related deaths were reported.
In the majority of cases, lobectomy was performed (160 of 178 patients), while 18 patients underwent pneumonectomy. Sixty-four percent of patients (114/178) received neoadjuvant and/or adjuvant chemotherapy/radiotherapy. Systemic chemotherapy was used in adjuvant settings, including mitomycin/vinblastine/cisplatin, etoposide/cisplatin, and tegafur (FT-207).
Construction of tissue microarrays (TMA)
The TMA was constructed according to the method as previously described. 27 Briefly, individual donor tissue blocks and the corresponding histological hematoxylin and eosin (H&E)-stained slides were overlaid for tissue TMA sampling. The tissue was sampled using a tissue microarray instrument (Beecher Instruments Inc., Sun Prairie, WI, USA). A 0.6 mm diameter cylinder of tissue was removed and re-embedded into a predetermined position in a recipient paraffin block. Three core samples were selected from each primary tumor. Multiple sections (5 µm thick) were cut from the TMA block and mounted on microscope slides. (Figure 1 ). TS and OPRT proteins were observed in the cytoplasm, while TP protein was observed in both the cytoplasm and nucleus, by immunostaining. Two independent pathologists (DX and ML) who were blinded to clinicopathologic information, performed the scorings. All sections were scored in a semiquantitative manner according to methods described previously, 28 reflecting both the intensity and percentage of stained cells. Intensity was classified as 0 (no staining), t1 (weak staining), t2 (moderate staining), or t3 (strong staining), and grades 0 and 1 were categorized as negative, and grades 2 and 3 as positive for TS, TP, and OPRT. 
Results
Expression of TS, OPRT, and TP in nsclc samples
The evaluation of TS, OPRT, and TP expression was performed blind to clinical outcomes. The noninformative samples, including unrepresentative samples, samples with too few tumor cells (,300 cells per case), and lost samples, were not used in data compilation. IHC results were obtained from the expressions of TS in 169 cases, OPRT in 167 cases, and TP in 147 cases, respectively.
TS staining showed that 97 carcinomas (57.4%) were TS-positive ( Figure 1A ). The level of TS expression was not correlated to sex, tumor status, nodal status, pathological stage, histology types, or treatment model in the whole NSCLC cohort (P.0.05), but the frequency of TS-positive tumors in patients ,60 years was significantly higher than that in patients $60 years (65.1% versus 49.4%) (P=0.039) ( Table 1 ). In addition, 90 carcinomas (53.9%) were OPRT-positive tumors ( Figure 1C) , and 102 carcinomas (69.4%) were TP-positive tumors ( Figure 1E ). The frequency of OPRT-positive tumors was obviously high in the patients with lower pathologic nodal (pN) stage and lower pathological stage (P=0.041 and P=0.044, respectively) ( Table 1 ), but neither OPRT nor TP expression was correlated to clinicopathologic parameters, such as tumor size, histology types, treatment model, etc (Table 1) .
Correlation of TS/OPRT/TP expression with clinicopathologic features and patient survival
In the whole cohort, the 5-year and 10-year survival rates were 42% and 31%, respectively. Using univariate analysis, the TS-positive patients had a significantly higher OS rate than did the TS-negative patients (P=0.003) (Figure 2A and Table 2 ). Stratified analysis revealed that the positive correlation between TS expression and OS was found in ADC (P=0.005) ( Figure 2B ) but not in squamous cell carcinoma and adenosquamous cell carcinoma. Furthermore, similar positive correlation was also found using the following parameters: patients ,60 years (P=0.028) (Figure 2C ), pathologic tumor size (pT)1/T2 (P,0.001) (Figure 2D ), pN0/N1 (P,0.010) (Figure 2E ), stage II/III (P=0.032) ( Figure 2F) , and surgery plus chemotherapy and/or radiation (P=0.002) ( Figure 2G ). Results from hazard ratios (HRs) showed that the TS-negative group had higher risk of death, in the whole group and in subgroups, such as ADC, patients ,60 years, pT1/T2, pN0/N1, and stage II/III, surgery plus chemotherapy and/or radiation (Table 3 ). However, neither OPRT expression nor TP expression was significantly correlated to OS, in the whole cohort and subgroups. In addition, Kaplan-Meier analysis demonstrated that some clinicopathologic prognostic parameters, such as tumor pN status (P,0.001) and clinical stage (P,0.001), were related to patient survival, but no significant correlation was found between survival and other clinicopathologic parameters (data not shown).
Multivariate cox's proportional hazards model analyses
Multiple Cox regression was applied with backward elimination for the selection of the prognostic factors for OS and revealed that TS status (TS negative versus positive) (HR =1.604, 95% CI =1.040-2.472, P=0.032) and pN status (N2 versus N0) (HR =2.900, 95% CI =1.777-4.735, P,0.001) were independent prognostic factors for OS. The proportional hazards assumption was adequately met.
Discussion
The present study indicated that TS expression could predict the postoperative survival, especially in NSCLC patients with the following characteristics: ,60 years old, stage II/III, ADC, and undergoing surgery plus chemotherapy and/or radiation as adjuvant therapy. However, the present study did not confirm the clinical prognostic biomarkers of TP and OPRT in resectable NSCLC patients. To our knowledge, this work is the first study to investigate the prognostic potential of TS, OPRT, and TP in resectable NSCLC patients, in a big cohort with long follow-up time.
TS is a key enzyme for pyrimidine nucleotide synthesis and DNA-damage repair 29 thus it is reasonable to assume that TS might play an important role in regulating the malignant potential in some types of cancers. Moreover, submit your manuscript | www.dovepress.com
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Zhao et al Chu et al revealed that TS protein regulates p53 expression at the translational level. 30 Since p53 plays a substantial role in the regulation of cell cycle progression, DNA synthesis, and apoptosis, the regulation of p53 expression by TS may be involved in the clinical correlation of TS expression with prognosis. Many previous studies reported that TS level can predict the overall outcome in patients at an early stage of CRC, 31, 32 and gastrointestinal and breast carcinomas. 33, 34 However, the prognostic potential of TS is still controversial, even in CRC patients, with some reports failing to demonstrate a relationship between TS expression and survival. 35, 36 In NSCLC patients, some studies demonstrated that a high level of TS is related to poor survival; 21, 24, 25 
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Expression of TS in NSCLC Table 2 correlation between the 10-year OS rate and TS/OPRT/TP expression in different clinicopathologic parameters in NSCLC patients the present study found that TS expression was positively correlated to OS. Our result is consistent with the findings from Zheng et al 26 that high level of TS protein is significantly related to longer survival in resected NSCLC patients, suggesting that high expression of TS is a prognostic factor for long survival in resectable NSCLC patients. These results were similar to the findings obtained from RRM1 and ERCC1, which are also involved in nucleotide synthesis and DNA damage repair. 9 Moreover, univariate analysis of the HR model revealed that TS-negative patients had higher risk of death after complete resection; TS was an independent marker of survival by the multivariate analysis. Interestingly, the expression of TS mRNA (messenger RNA) and/or protein was inversely correlated to OS in breast cancer, 37 rectal cancer, 38 and gastric cancer. 39 The opposite results in different studies may have arisen from the following possible factors: 1) different methodologies -the most common technique used for survival analysis is IHC, but results from reversetranscription polymerase chain reaction (RT-PCR) used in several studies 21, 40 reported different correlation results in NSCLC patients; 26 2) patient stage and treatments -different from previous findings, this study included NSCLC patients from stage I to stage III, and only a small number of patients (34.8%) were treated with tegafur; and 3) cell proliferationto our knowledge, although TS could be associated with cell proliferation, the significance of TS level in cancers is still uncertain. 41 As we know, patients at a late stage of cancer are associated with poor survival. In the present study, the significant difference between TS expression and patient survival was observed mostly in stage II to III cases, suggesting that TS expression is a good prognostic factor for patients at stage II to III. For stage I NSCLC, TS-positive patients had slightly longer, but not significantly longer OS, which is consistent with the results from Zheng et al. 26 Moreover, we found TS-positive patients had significantly longer OS than did TS-negative patients in the small tumor size (pT1/T2) and lower lymph node metastasis (pN0/N1) subgroups. This suggests that TS expression might have been shown to affect the prognosis of stage I patients if we had increased the sample number of stage I. In addition, because of compounding factors in stage III (25% of patients had only received chemotherapy, 32% of patients had only received radiotherapy, 11% of patients had received concurrent radiochemotherapy, and 32% of patients had not received any adjuvant chemotherapy or radiotherapy), whether TS expression is also related to the prognosis of stage II or stage III NSCLC patients needs further investigation.
In the present study, we found that the rate of TS-positive patients was higher in the subgroup of ,60 years, indicating that younger patients are associated with longer survival. However, the OS rate in TS-negative patients ,60 years was lower than that in TS-positive patients $60 years ( Table 2) , suggesting that TS expression may affect the outcome of OS, regardless of age.
The present study observed that the patients had better OS after adjuvant therapies, suggesting that TS-positive patients may be more sensitive to adjuvant therapies. However, previous studies 42, 43 found that low TS expression may be an important predictive factor for better treatment efficacy of pemetrexed in NSCLC patients. Another study 44 found that patients with high TS expression had longer OS after receiving pacitaxel plus carboplatin chemotherapy. Since the patients in our study did not receive pemetrexed, pacitaxel, and carboplatin as adjuvant therapy, it will be interesting to investigate whether TS expression is associated with the efficacy of adjuvant therapy.
In addition, we also observed that the frequency of OPRTpositive was significantly lower in tumors with lymph node metastasis compared with tumors without lymph node metastasis, and lower in advanced stage than in early stage. These results are similar to those of previous studies. 45, 46 We failed to find a correlation between OPRT expression and patient survival, and this finding may suggest that OPRT expression may be a marker to predict lymphatic metastasis prior to surgery. Our results did not show a correlation between TP and survival, which is different from a previous study; 21 however, in NSCLC patients, the study of the prognostic value of TP has been quite limited.
Conclusion
The present study suggests that TS expression in tumor tissue may be useful for predicting postoperative survival in resectable NSCLC patients, especially in the patients with ADC, stage II/III, age ,60 years, and adjuvant therapy. However, further studies are needed to fully elucidate the importance of TS in the prognosis of lung cancer.
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